Introduction
Molar heat capacities and relevant thermodynamic functions of thallium(I) n-hexanoate, n-heptonoate, n-dodecanoate, and n-tetradecanoate (obtained by equilibrium adiabatic calorimetry and d.s.c.) have been provided in papers I to IV of this series. phases of thallium(I) n-decanoate (denoted hereafter by TllOC) has been carried out and this paper reports on that study. Theoretical calculations have been made on disordering in decane systems'5-7' as this chain length is of particular interest. Previous studies on the thermal and phase behavior of TllOC in the superambient region have been reported by several authors. We summarize here their main results for better understanding of ours. Pelzl and Sackmann@) measured the refractive indices of several thallium(I) n-alkanoates in their "neat" (smectic A-like) phases; for TllOC, they determined microscopically the temperatures of transition into the "neat" phase (404.0 K) and the "clearing" point (482.5 K). Polarizing microscopy and d.s.c. determinations above room temperature allowed Lindau et a1.c9) to claim for TllOC the phase transformations in the superambient region: Our results agree qualitatively with this scheme above 300 K with some noteworthy changes in the temperatures of the phase transitions. However, the phase behavior below 300 K has not been investigated previously. In this paper, besides the complete morphology of the heat-capacity curve, we report the existence of two new solid-to-solid phase transitions:
Crystal V ---+ Crystal IV ---+ Crystal III.
232.9K 288.3K
As we have accurate thermodynamic functions and heat capacities for several members of the thallium(I) n-alkanoates series, we present also an overview of those for such compounds.
Experimental
The calorimetric sample of TllOC was prepared by reacting Fluka puriss (299 moles per cent; tested at the origin by gc.) n-decanoic acid with a slight excess of Fluka puriss T12C03 in anhydrous methanol, following the procedure explained in detail in references 4 and 5. The white powder obtained was purified by repeated recrystallization from absolute ethanol. After drying under vacuum at 295 K (a temperature intermediate between ?;v+ii, and 1;,,+i,) the sample was submitted to d.s.c. purity analysis using fractional-fusion techniques; a mean value of (99.90f0.10) moles per cent (average of four determination with different samples from the bulk of the synthesized sample) of liquid-soluble solid-insoluble purity was obtained.
ADIABATIC CALORIMETRY
The salt was loaded into a gold-plated OHFC copper calorimeter (laboratory designation W-62B); the determinations of the heat capacity from 6 to 350 K were made in the Mark X cryostat described elsewhere. Data logging, calorimetry, and programming were computer assisted.
The calorimeter was loaded with 36.1689 g of TllOC (g 0.09629 mol, the relative molar mass being 375.64 g. mol-' on the basis of the IUPAC 1978 relative atomic masses). Buoyancy corrections were calculated assuming a density of 2.6 g .crne3.
The pressure of purified helium admitted into the (previously evacuated) calorimeter during the loading, to promote thermal equilibrium was 3.34 kPa.
The heat capacity of the sample was 90 per cent of the total (sample + calorimeter) heat capacity at 10 K and decreased to a minimum of 55 per cent at about 100 K except, of course, in the transition regions. The thermal history of the sample measured in the adiabatic calorimeter is shown below; unbroken arrows show cooling periods while dashed ones show heating periods (periods of acquisition of results, unless otherwise specified):
339K ------+ 298 K ,r;s; 335 K.
DIFFERENTIAL SCANNING CALORIMETRY
To extend the range of heat-capacity measurements provided by adiabatic calorimetry to higher temperature limits, the heat capacity of TllOC was measured by d.s.c. using the baseline-displacement method. A Perkin-Elmer DSC-2C device provided with the Intracooler II unit (for subambient temperatures) was used between 200 and 500 K. D.s.c. was also employed for determining temperatures and enthalpies of transitions and the purity of the sample by fractional-fusion techniques. The temperature scale of the DSC-2C was calibrated by using the melting temperatures of the usual high-purity standards (tin, indium, naphthalene, and benzoic acid); high-purity indium was used for the calibration of the power scale. As external standard for the heat-capacity determinations, synthetic sapphire was employed.
Results and discussion
The experimental heat capacities taken by quasi-adiabatic calorimetry, at the mean temperature of each measurement are listed in table 1 in chronological sequence by series. About 210 determinations were made in 10 series of measurements. The standard deviations of these results begin at 3 per cent at 7 K and decrease to 0.2 at 20 K and to less than 0.1 per cent above 40 K.
The results from scanning calorimetry are listed in table 2. As for other members of the series,"-4) d s c.
. . measurements of the heat capacity were not made in the transition regions (because of the nature of the method itself) nor at temperatures above the "clearing" temperature (484.0 K) because decomposition of the sample, starting at temperatures only siightly higher than 484 K. The standard deviations for the d.s.c. heat-capacity results are 2 per cent in the "normal" heat-capacity regions and about 4 per cent in the pre-transitional regions.
Both heat-capacity sets are plotted together in figure 1 ; good overlap exists. An expanded section which highlights the features of the curve of &JR against T between 200 and 350 K is depicted in figure 2 . The overall d.s.c. with both heating and cooling thermograms showing all the observed peaks is plotted in figure 3 .
Four presumably first-order phase transitions were observed both by adiabatic calorimetry and by d. A test of the accuracy of the overall calorimetric procedure upon comparing the results provided by the &-type runs with several AH-type determinations (table 7) shows that excellent agreement obtains.
Apart from the transition regions, the numerical results have been fitted to appropriate orthogonal polynomials, on the basis of which the relevant thermodynamic functions (as well as smoothed C,,,/R values) were calculated for both the total and the lattice curves at selected temperatures (table 8) . Because several members of the thallium(I) n-alkanoates have been studied, we have used a method similar to those of Whiteo3) and of Ngeyi et a1.04) to determine the heat capacity of the CH, increment in this series of compounds and, hence, obtain "lattice curves" for their heat capacity. That is, the range of the heat capacity of a CH, unit as a function of temperature has been calculated from %m(CW = {C,,n,(TlnC) -C,,,(TlkC))/(n -k), . Estimated "lattice" heat capacity for thallium(I) normal alkanoates of specified number of carbons (n = 6, 7, 10, 12, and 14) calculated by using increments in the heat-capacity values (symbols represent the experimental values). Thallium(I) n-hexanoate presents a broad and diffuse anomaly in the range 100 to 200 K.
for the 10 possible pairs of compounds for n, k = 6, 7, 10, 12 and 14.
The full line in figure 4 represents the values obtained for our series of compounds compared with those obtained by Broadhurst for the n-alkanes(15) (dotted line) and by White'13' for the layered compounds of general formula {C,Hz,,+ rNH,),MX, (dashed line).
By using the increments we have calculated the estimated "lattice" heat capacities for thallium(I) normal alkanoates with n = 6, 7, 10, 12, and 14. Figure 5 shows the results as consistent and reasonable when compared with the corresponding experimental values, except for thallium hexanoate. For this compound a broad and diffuse anomaly in the heat capacity curve is predicted in the range 100 to 200 K and was detected in the heat-capacity measurements by Boerio-Goates et al."' but the entropy change involved was not evaluated. The use of the heat-capacity increments for the CH, group could lead to an estimation of this entropy change, especially if other compounds of the series (e.g. thallium pentanoate) were studied.
PHASE TRANSITIONS

Thallium(I)
n-decanoate is found to exhibit five solid (crystalline) phases and a mesomorphic one of the smectic A ("neat") type. The overall molar-entropy change on going from crystal V (the lowest-temperature phase) to isotropic liquid is 7.24R (= 60.27 J * K-'. mol-l) which is only about 65 per cent of that observed for n-decanoic acid.(l@ This suggests that a certain order persists in the liquid phase of the soap.
For thallium(I) n-hexanoate, n-heptanoate, n-dodecanoate, and n-tetradecanoate we have found('-4) five, five, six, and four, solid crystalline phases, respectively, as well as a mesomorphic "neat" phase. The corresponding overall molar entropy changes (i.e. AS,,, = A&,, + A creari"gSm + XA,,,S,) are plotted against the numbers of carbons of the hydrocarbon chain in figure 6 . We represent there the values for the homologous series with n = 3, 4, 5, and 8, compounds which have been studied only above 300 K cg* 17) (filled circles in figure 6 ). It is apparent from figure 6 that these other compounds may be expected to have transitions below 300 K. the mechanism by which the conformationai disorder of the hydrocarbon chains is controkd and how it is related to the structure of the polar or ionic groups to which the chains are linked. Structural (X-ray diffraction) and vibrational spectroscopic studies could help to illuminate the microscopic mechanism involved in the phase transitions occurring in this complex multistep process.
